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Summary
Optical sensors based on image acquisition hardware represent a promising technique to measure the 
chemical composition of an environment or the headspace generated by complex samples. However, this 
approach is still limited by the fact that only a restricted kind of interactions may change the visible spectrum
of an indicator. As a consequence, the receptive field, namely the amount of different chemicals that can be 
captured by an opto-chemical sensor, is rather restricted. To extend the application of optical indicators we
propose to use blends of porphyrins and acid-base indicators as materials for opto-chemical sensors. A
suitable choice of the components allows to obtain sensing features that are not correlated to those of the 
single constituents. This strategy provides a straightforward method to develop sensor arrays for a wide 
number of practical applications, among them it is investigated here the measure of emissions from human 
skin.
Motivation and results
In the preparation of sensing layers for opto-chemical sensor arrays the lack of available receptors with 
suitable properties may represent a drawback. Weak interactions engaged with certain classes of volatile 
compounds do not elicit changes in the optical spectrum. Matching receptors with different properties is a
possible answer to increase the number of detectable molecules [1]. In this work, the properties of blends of 
two molecules, both colored and sensitive to chemicals, such as metalloporphyrins and acid base indicators
are studied. Table 1 lists the investigated dyes both pure and in blends. The list is composed by seven 
porphyrins, seven acid base indicators, and ten different binary mixtures. In order to have a proper gas 
diffusion toward the bulk of the spot, the indicators were dispersed in a polymeric membrane composed of 
plasticized polyvinylchloride and deposited as a solid state layer from the liquid phase collecting 5µl of 
membrane solution and releasing it onto a Mylar substrate (Fig. 1). The color changes were captured through 
an optical setup consisting of a webcam that records images of the sensing layer while it is illuminated with a 
sequence of the three primary colors provided by a LCD computer monitor; this arrangement is known as 
Computer Screen PhotoAssisted Technique (CSPT) [2]. The array was tested with a total of 15 VOCs that 
were presented to the array at different concentrations diluted in a carrier of nitrogen gas. Porphyrins, pH 
indicators and their blends provide different patterns of response towards the analyzed compounds. As an 
example, the signals of MnTPP-BCP blends are reported in figure 2 to illustrate the diversity of the response 
pattern of the single components and the blend. A significant quantity to study the performance of the sensors 
is the sensitivity. The sensitivities of the studied materials are illustrated in Fig. 3, for sake of easiness, the 
sensitivity has been ranked in three classes (negligible, medium, and large) reported with a color code.
In the full paper, the application of this colorimetric sensor array to the analysis of skin emission will be 
illustrated. For the scope, a cotton gauze is held in contact with the skin [3] and then placed in a tight vial 
containing the colorimetric array (figure 4). Volatile compounds absorbed by the cotton fibers are then 
released inside the vial and their presence and nature can be detected by the change of spot color. Spots color 
can be appropriately measured through the vial glass. The use of porphyrin-indicator blends, allowing for the 
transduction of a larger number of compounds, aims at increasing the information content of fingerprints
encoding the volatile compounds pattern emitted from the skin. 
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Fig. 1: Appearance of the colorimetric sensor array. 
Numbered label refers to the description in Table 1.
Fig 2: Response of BCP, MnTPP, and BCP-MnTPP 
to different volatile compounds. For each VOC a 
distinct pattern is observed. (eth= ethanol, 
isp=isopropanol, but=butanol, ace=acetone, 
buk=butanone, eac=ethyl acetate, epr= ethyl 
proprionate, aac= acetic acid, apr=propionic acid, 
esa= hexane, pal=propionaldheyde, 
tea=triethylamine, tma=trimethylamine).
Fig. 3: Sensitivity of the different spots towards the 
tested VOCs.
Fig. 4: Setup for human skin odor analysis.
Table 1: List of the considered porphyrins, the acid 
base indicators and their blends. (NB: Nile Blue, 
BPB: Bromophenol Blue, BCG: Bromocresol 
Green, TB: Thymol Blue, DY: dimethyl yellow, 
BCP: Bromocresol Purple, CR: Cresol Red). 
Metallo
Porphyrins
Blends
Acid-Base 
Indicator
1. H2TPP 8. MnTPP+PR 18. NB
2. CoTPP 9. MnTPP+TB 19. BPB
3. TTC(P) 10. MnTPP+BCP 20. BCG
4. RhTPP 11. MnTPP+MG 21.TB
5. ZnTPP 12. MnTPP+BPB 22. DY
6. ZnbTPP 13. MnTPP+BCG 23. BCP
7. MnTPP 14. RuTPP+NB 24. CR
15. H2TPP+NB
16. PR+TDMAC
17. BCP+TDMAC
